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cally forcing the one material into grooves of the 
other material. To this end, the one material is 
provided with protrusions corresponding to said 
grooves. 

5 US-A-4722 125 discloses a method of produc- 

ing a tungsten carbide tip punch having cylindrical 
form. The hard tungsten carbide tip has a crown- 
like indentation having arched vertices, and a cylin- 
drical portion of a soft material is forced into said 
70 indentation. 

Accordingly, an object of this invention is to 
provide a composite structure of the above-men- 
tioned type which is capable of maintaining for a 
long time firm mechanically joined condition of the 
75 different materials without causing relative shifting 
and separation of the joined surfaces of the materi- 
als even when the composite structure is exposed 
to an environment in which repeatedly acting 
strong shearing stresses and violent thermal behav- 
20 ior are imparted to the composite structure. 

This object can be achieved in accordance with 
the characterizing part of claim 1 . Claim 7 defines 
a method for manufacturing such structure. 

The composite structure thus manufactured 
25 can provide a firm mechanically joined condition 
between the first and second materials by virtue of 
the firm engagement of the overhang surface of the 
recess of the first material with the underhang 
surface of the protrusion of the second material. 



Description 

This invention relates to a composite structure 
and to a method of manufacturing a composite 
structure according to the pre-characterizing part of 
claim 1 and 7, respectively. Such structure and 
method are known from FR-A-872 779. 

In connection with the linear motor car for 
example, a structure of a secondary plate, which 
functions to produce eddy current, in a primary 
side of the motor car for producing a driving force, 
must be used on the railway track. Such secondary 
plate is required to have high electric conductivity 
and magnetic permiability as well as a great resis- 
tance against shearing forces and separating forces 
which are generated as counter forces against the 
great driving force. Therefore, a composite struc- 
ture fabricated by tightly and firmly Joining materi- 
als of different kinds having a high electric con- 
ductivity and a high magnetic permiability, respec- 
tively, is utilized as the secondary plates. 

For example, there are known composite struc- 
tures fabricated by fixedly joining face to face an 
aluminum plate having a high electric conductivity 
on a soft steel plate having a high magnetic per- 
miability. In an example of such composite struc- 
tures, the aluminum plate is press-fitted at the 
opposite ends thereof on the two end surfaces of 
the soft steel plate, and fastening screws are 
passed through the aluminum plate into the soft 30 
steel plate to mechanically join both the plates as a 
combined metallic structure. In another example, a 
composite structure is obtained by joining the alu- 
minum plate to the soft steel plate by an explosion 
bonding method into an explosion bonded clad 35 
plate. 

However, as described hereinbefore, it is re- 
quired for the secondary plate to possess a me- 
chanical strength against the strong reacting forces 
to the driving force, acting frequently and repeat- 4o 
ediy, and accordingly, the secondary plate must 
have a large resistance against shearing forces 
along the interface between the two elementary 
plates as well as against vertical separating forces 
imparted to the two elementary plates of the sec- 4S 
ondary plate. Particularly, when a composite struc- 
ture is applied to the railway track of a subway, it is 
required for the composite structure to have me- 
chanical strength or resistance against additional 
thermal behavior and separating forces due to tem- so 
perature variations and dynamic vibrations. How- 
ever, the composite structures fabricated by press- 
forming the two plates and then clamping by fas- 
tening screws or fabricated by the explosion bond- 
ing method cannot maintain sufficient resistance for 55 
a long period of time. 

The above mentioned FR-A-872 779 teaches to 
join one material with another material by plasti- 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 
Fig. 1A is a cross sectional view of one embodi- 
ment of a composite structure comprising ma- 
terials of different kinds according to this inven- 
tion; 

Fig. 1 B is a cross sectional view of the materi- 
als, shown as being separated, of the composite 
structure shown in Fig. 1A; 
Fig. 2 is a cross sectional view of another em- 
bodiment of the composite structure according 
to this invention; 

Fig. 3 is a cross sectional view of a first material 
in which a recess is to be formed; 
Fig. 4 is a cross sectional view showing a step 
to form a recess in the material shown in Fig. 3; 
Fig. 5 is a cross sectional view representing a 
next step subsequent to the step shown in Fig. 
4 to form the recess; 

Fig. 6 is a cross sectional view showing a step 
to form a recess having a cross-sectional shape 
different from that shown in Fig. 4 in the material 
shown in Fig. 3; 

Fig. 7 is a cross sectional view showing a next 
step subsequent to the step shown in Fig. 6 to 
form the recess; 
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Fig. 8 is a cross sectional view representing a 
step to form a recess in a surface of a first 
material of a composite structure according to a 
still further embodiment of this invention; 
Fig. 9 is a plan view showing a portion of the s 
first material in which a recess is formed by the 
step shown in Fig. 8; 

Fig. 10 is a cross sectional view of one of 
materials constituting a composite structure; 
Figs. 11 and 12 are cross sectional views show- io 
ing successive steps subsequent to the step 
shown in Fig. 10; 

Figs. 13 to 15 are cross sectional views illustra- 
tive of steps in sequence of forming recesses in 
a first material constituting a composite struc- is 
ture, according to a method of this invention; 
Figs. 16 to 20 are views explanatory of steps in 
sequence of forming a composite structure by a 
casting method for joining two different materi- 
als; 20 
Figs. 21 to 24 are views explanatory of steps in 
sequence of joining two different materials due 
to plastic flow of a first material to form a 
composite structure; and 

Figs. 25 to 29 are views explanatory of other 2s 
steps in sequence of joining two different ma- 
terial due to plastic flow of a first material to 
form a composite structure. 
Preferred embodiments of this invention will be 
described hereunder with reference to a secondary 30 
plate of an iron track for a linear motor car railway 
in conjunction with the accompanying drawings. 

Fig. 1A shows an embodiment of this invention 
in the form of a secondary plate 111 of an iron 
track, formed as a composite structure made of 35 
materials of dissimilar or different kinds. The com- 
posite structure comprises a soft steel plate 2 as a 
first material having a high magnetic permiability, 
and an aluminum plate 3 as a second material 
having a good electric conductivity and disposed 40 
on the soft steel plate 2, both plates 2 and 3 being 
joined mechanically along an interface 1 1 . 

Fig. IB shows the composite structure in a 
state wherein the two plates 2 and 3 are separated. 
As is apparent from Fig. IB the steel plate 2 is 45 
provided with an upper joining surface 11a in which 
are formed a plurality of grooves or recesses 7 
each converging downwardly in cross section to 
form a V-shape and each being obliquely oriented 
so as to have one side surface 6 constituted as an so 
overhang surface, which protrudes horizontally as it 
extends upwards as viewed in Fig. IB. The angle 
of the oblique direction and the arrangement of the 
grooves 7 may be changed or modified in accor- 
dance with conditions of design. 55 

The aluminum plate 3 is provided with a lower 
joining surface lib on which are formed a plurality 
of projections or protrusions 9 each converging 



downwardly in cross section to form a V-shape and 
each obliquely projecting obliquely so as to have 
one side surface 8 constituted as an underhang 
surface which protrudes horizontally as it extends 
5 downwards as viewed in Fig. 1 B. 

The locations and shapes of the grooves 7 of 
the steel plate 2 are made to accord with those of 
the corresponding projections 9 of the aluminum 
plate 3 in the joined state. Although, in the illustra- 
70 tion of Fig. IB, the plates 2 and 3 are separated, 
actually these plates 2 and 3 are firmly mechani- 
cally joined together in the manufacturing process 
of the composite structure 111 according to this 
invention, for example, by casting the projections 
15 into the grooves 7 or by pressing the plate 3 
against the plate 2 by means of a pressing roll to 
establish firm engagement of the projections 9 with 
the corresponding grooves 7 as described in detail 
hereafter. 

20 The composite structure 111 can thus be 
formed integrally as one body with extremely high 
joining force and resistance aginst shearing forces 
in both the longitudinal and transverse directions, 
as well as against vertical separating forces based 
25 on the thermal behavior due to temperature 
changes. 

With the composite structure of the character 
described above, in a case where a linear motor 
car, not shown, travels above the secondary plate 
30 111 with a predetermined height of floatation, eddy 
currents are generated through the aluminum plate 
3, which produces a driving force for the linear 
motor car. During the travel of the car, the alu- 
minum plate 3 receives a large reaction force as a 
15 result of the driving force in the longitudinal direc- 
tion thereof. However, because of great resisting 
forces aginst the reaction forces and the shearing 
forces in a direction normal to the longitudinal 
direction and because of a great resistance in a 
'0 vertical direction as viewed in Fig. 1A against sepa- 
ration of the two plates due to the strong mechani- 
cal engagement between the overhang surfaces 6 
of the grooves 7 of the steel plate 2 and the 
underhang surfaces 8 of the projections 9 of the 
5 aluminum plate 3, the secondary plate is prevented 
from shifting in height more than a designed al- 
lowable change in height. In addition, the tight 
joining along the interface between the steel plate 2 
and the aluminum plate 3 can positively prevent 
9 the possibility of corrosion which may be caused 
by salty sea winds or submergence by flooding 
and so on, whereby the two plates are prevented 
from separating, constantly maintaining the bonded 
condition originally designed, thereby enabling a 
) linear motor car to travel as designed. 

Fig. 2 shows another embodiment of a com- 
posite structure 112 according to this invention, in 
which all grooves or recesses 7 formed in the 
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upper joining surface of tlie steel plate 2 have 
therein intermediate ridges or projections 10 di- 
rected upwardly to enlarge the joining surface area 
of the grooves 7 to thereby increase the resistance 
against the shearing forces. The composite struc- 
ture 112 according to this embodiment is advanta- 
geous in that the projections 10 make easy plastic 
flows of the material of the aluminum plate 3 into 
the recesses 7, when the material of the plate 3 is 
to be pressed into the recesses 7, thus enabling 
better charging of the material of the plate 3 in the 
recesses 7. 

It should be noted that the composite struc- 
tures of this invention have been described herein- 
before with reference to the preferred embodi- 
ments, but it is not limited to these embodiments 
and other various changes or modifications may be 
made. For example, ridges or grooves may be 
formed in zigzag shape on the underhang surfaces 
and overhang surfaces in plural stages in the direc- 
tion of height of the protrusions and of the depth of 
the recesses, respectively. Further, the soft steel 
plate 2 and the aluminum plate 3 may be replaced 
with other metallic plate members of different 
kinds, respectively. 

Moreover, the composite structures according 
to this invention can be used not only as a secon- 
dary plate of a linear motor car track but also as 
composite structures requiring firm engagement 
between two plates or members, for example, for 
use in motor cars, machine tools, or as composite 
structures which are used under severe, violent 
conditions accompanied by sliding movements, vi- 
brations or temperature variations. 

According to the composite structures of the 
characters described above, a firm engaging state 
between two materials can be maintained stably 
even under great, frequently repeated shearing and 
separating forces imparted to the composite struc- 
tures, with the result that the function or operation 
of a linear motor car, for instance, can be stably 
maintained as designed. In addition, the joining 
surfaces of the two metal plates are kept in tightly 
bonded state in a manner of a labyrinth seal, so 
that separation of the two materials does not occur 
and any corrosive substance does not intrude to 
the interface even if the composite structure is 
exposed to corrosive atmosphere. 

The formation of the V-shaped grooves 7 hav- 
ing overhang surfaces 6 in the joining surface of 
the soft steel plate 2 can be made in accordance 
with methods described hereunder with reference 
to the accompanying drawings. 

In a first method, a blank soft steel plate 2 
having a flat joining surface 11a to be bonded or 
joined, as shown in Fig. 3, is first prepared, and a 
formation roll 10 having flat opposite side surfaces 
and a circumferential surface provided therearound 



with a ridge formed so as to define a predeter- 
mined tapered peripheral surface is pressed with a 
predetermined pressure against the planar joining 
surface 11a of the steel plate 2 as shown in Fig. 4. 

5 When the formation roll 20 is rolled under the 
pressing condition, a sharply raised portion 24 is 
formed on the joining surface 11a at one side of 
the roll 20, as shown in Fig. 4, and simultaneously, 
a valley portion 25 and a slightly raised portion 26 

70 are also formed below the formation roll 20 and at 
the other side thereof, respectively. A valley portion 
25 flanked by the raised portion 24 of a predeter- 
mined height is formed by repeating the pressing 
process described above by means of the forma- 

75 tion roll 20. 

In the next step, as shown in Fig. 5, when a 
cylindrical levelling roll 27 is rolled on the joining 
surface 11a in which the valley portion 25 has been 
formed by the pressing operation, the raised por- 

20 tions 24 and 26 are made flat so as to accord with 
the level of the other general portion of the joining 
surface 11a, whereby a V-shaped groove or recess 
7 having the overhang surface 6 can be thus 
formed without carrying out a troublesome and 

25 difficult machining for cutting a sloping V-shaped 
groove. 

A method of formation of a groove 7 having 
such a shape as shown in Fig. 2 will be described 
with reference to Fig. 6. In this method, a pulley- 

30 type formation roll 20a is pressed against the join- 
ing surface 11a of the blank soft steel plate 2 
shown in Fig. 3. When the formation roll 20a is 
roiled on the joining surface 1 1 a while pressing the 
same, a groove having an intermediate ridge 28, 

35 substantially vertical side walls and raised portions 
29 is formed, and by repeating the rolling steps, a 
V-shaped valley portion for the groove and the 
raised portions 29 each having a predetermined 
height are formed. 

40 In the next step, when a cylindrical formation 
roll 27a is rolled by a predetermined number of 
revolution on the valley portion of the joining sur- 
face 1 1 a, the raised portions 29 are pressed into a 
flat state, and a groove having overhang surfaces 6 

45 sloping outwards with respect to the ridge portion 
28 can be formed. 

Fig. 8 is explanatory of a further method of 
forming grooves 7 in the joining surface of the steel 
plate 2. In this method a pulley-type formation roll 

50 20a similar to that shown in Fig. 6 is utilized. A 
plurality of depressions30 are formed in the outer 
surface of the roll 20a so as to extend in the axial 
direction in circumferentially equally spaced rela- 
tion. When the formation roll 20a is rolled on the 

55 joining surface of the steel plate 2, protrusions 31 
are formed at equal intervals on the bottom of the 
groove 7 as shown in Fig. 25. Instead of the 
depressions 30, protrusions may be provided. In 
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this case, depressions are formed in the bottom of 
the groove 7. 

According to this embodiment, the projections 
of the aluminum plate 3 can be firmly engaged with 
the protrusions 31 when the aluminum plate 3 is 
joined with the steel plate 2, and accordingly, resis- 
tance of the grooves 7 against external forces in 
the longitudinal direction thereof is increased. 

The formation of the groove 7 or the projection 
9 having a dovetail cross-sectional shape can be 
made in a manner shown in Figs. 10 to 12. A blank 
soft steel plate 2 having an upper joining surface 
11a with a projection 40 preliminarily formed to 
have a rectangular cross section is first prepared. A 
formation roll 41 having therearound a groove of a 
substantially M-shaped cross section, as shown in 
Fig. 27, is pressed and rolled against the projection 
40 in such a manner that the inner side walls of the 
M-shaped groove abut against the side walls of the 
projection 40. The formation roll 41 is rolled under 
the pressing condition by a predetermined number 
of revolution to plastically form the projection 40 
into a M-shaped projection 40'. In the next step, a 
formation roll 42 having a cylindrical configuration 
is pressed against the M-shaped projection 40' and 
rolled by a predetermined number of revolution to 
form a projection 40" having an upper flat surface 
and overhang surfaces 43 on both sides thereof, 
whereby the projection 40" has a dovetail shape in 
cross section. According to this forming method, 
the dovetail-shaped projection can be easily 
formed as designed without carrying out a trouble- 
some cutting work. 

As will be easily understood, a dovetail-shaped 
projection having underhang surfaces on both sides 
thereof to be engageable with the overhang sur- 
faces 43 of the steel plate 2 can be formed on the 
joining surface of the aluminum plate 3 in substan- 
tially the same manner as that described with refer- 
ence to the formation of the dovetail-shaped pro- 
jection 40" of the steel plate 2. 

Figs. 13 to 15 are explanatory of another meth- 
od of forming grooves, in the joining surface of the 
steel plate. According to this method, as shown in 
Fig. 13, a formation roll provided with annular roll 
portions 45 having a substantially rectangular 
cross-sectional shape is pressed against and then 
rolled on the joining surface 1 la of the steel plate 2 
to effect plastic working and to form grooves there- 
in with raised portions 46 on both sides thereof. 

In the next step, as shown in Fig. 14, a roll 48 
provided with circumferential grooves 47 of a sub- 
stantially triangular cross section at portions cor- 
responding to the locations of the grooves 7 of the 
steel plate 2 formed by the formation roll 45 is 
pressed and rolled so as to plastically deform the 
raised portions 46 towards the insides of the 
grooves 7 as denoted by the reference numeral 



46'. In the final stage, as shown in Fig. 15, when a 
formation roll 49 having a cylindrical configuration 
is pressed against and rolled on the joining surface 
11a, the raised portion 46' are further deformed 

5 inwardly to thereby form the grooves 7 each having 
the overhang surfaces 6 on both sides. 

In order to fabricate the composite structure of 
the character shown in Fig. 2, for example, the 
grooves 7 having the overhang surfaces 6 are first 

10 formed in the upper surface and, in a certain case, 
in both side surfaces, of the soft steel plate 2 as 
shown in Fig. 16, and thereafter, a pair of the thus 
prepared metal plates 2 are integrally bonded at 
the opposing back surfaces thereof through a re- 

75 lease agent 63 such as plaster, as shown in Fig. 
17, for the purpose of mass production of the 
composite structure. The thus bonded steel plates 
2 are then placed in a casting mold 65 as shown in 
Fig. 18 and a molten aluminum bath 3' is poured 

20 through a gate 67 of the mold 65 into a cavity 
defined between the inner wall of the mold 65 and 
the outer joining surfaces and the side surfaces of 
the bonded steel plates 2. During this process, a 
care must be taken for entirely and completely 

25 charging the molten aluminum bath 3' over the 
entire overhang surfaces 6 of the grooves 7 of the 
steel plates 2. 

The mold 65 is opened, after a predetermined 
time has elapsed to cool and coagulate the alu- 

30 minum molten bath 3', to obtain a block in which 
the aluminum material 3 covers the entire outer 
surfaces of the steel plates 2 and Is completely 
charged into all of the grooves 7 of the steel plates 
2 along the overhang surfaces 6 thereof, as shown 

35 in Fig. 19. The block is then cut along the release 
agent 63 to obtain secondary plates such as shown 
in Fig. 20. 

In the embodiment described above, an anti- 
corrosion coating process can be interposed be- 

40 tween the processes or steps carried out with refer- 
ence to Figs. 17 and 18 to form a corrosion proof 
film made of an insulating material for preventing 
electrolytic corrosion between the steel and alu- 
minum materials, on the joining surface between 

45 the steel plate 2 and the aluminum plate 3. The 
coated steel plates 2 are thereafter placed in the 
mold 65 and the molten aluminum bath 3' is 
poured into the mold cavity in the same manner as 
described before. 

50 It should be course be understood that one of 
the two different materials which is more easily 
fusible than the other can be fused and poured into 
the mold in the molding process described herein- 
before. 

56 Firm bonding or joining between the steel plate 
2 and the aluminum plate 3 may be performed by 
a method utilizing plastic flow described hereunder. 



EP 0 297 552 B1 



10 



Before carrying out this method, a soft steel 
plate 2 with a joining surface 11a having grooves 7 
provided with overhang surfaces 6, as shown in Fig 
21 , Is first prepared, while a flat aluminum plate 3 
having a joining surface 1 1 b as shown in Fig. 22 is 
prepared. 

The thus prepared plates 2 and 3 are superim- 
posed with their joining surfaces 11a and lib op- 
posed as shown in Fig. 23 and the two plates are 
pressed entirely uniformly by means of a pressing 
device or rolling device, not shown, in the arrowed 
direction F. 

The application of the pressure in the direction 
F causes plastic flow of the aluminum material 
forming the joining surface lib of the aluminum 
plate 3, which has a yielding point lower than that 
of the steel plate 2, into the grooves 7 thereof, and 
continuous application of the pressure causes the 
aluminum material of the joining surface lib to 
completely fill the grooves 7 along the entire over- 
hang surfaces 6 thereof to achieve firm engage- 
ment of both the plates 2 and 3, which is main- 
tained even after the pressing force has been re- 
leased. 

The plastic flow of the material of the aluminum 
plate 3 into the grooves 7 of the steel plate 2 will 
be assisted by heating the joining surface lib of 
the aluminum plate 3 by means of a high fre- 
quency heating device, for example, during the 
pressure application process. 

A final product can be obtained by carrying out 
a trimming operation on the thus obtained compos- 
ite block of the plates 2 and 3. 

The composite structure 112 shown in Fig. 2 
can also be manufactured by a method described 
below with reference to Figs. 25 to 29. 

According to this manufacturing method, a soft 
steel plate 2 having a joining surface 11a in which 
grooves 7 provided with overhang surfaces 6 are 
formed preliminarily is first prepared as shown in 
Fig. 25, while an aluminum plate 3 having a joining 
surface lib on which projections 66 are preliminar- 
ily formed at positions corresponding to the 
grooves 7 as shown in Fig. 26 is prepared. The tip 
end of each projection 66 is formed with a groove 
67 of V-shaped cross section. This shape of the 
projections 66 is substantially the same as the 
projection 40' formed in the process step shown in 
Fig. 11. The aluminum plate 3 of Fig. 26 can be 
obtained as a section of the desired profile avail- 
able in the market. It is desirable that the volu- 
metric amount of each projection 66 on the joining 
surface lib be slightly greater than the volumetric 
amount of each groove 7 of the steel plate 2. 

In the next step, as shown in Fig. 27, the 
aluminum plate 3 and the metal plate 2 are ar- 
ranged to oppose to each other so as to achieve a 
positional alignment of the corresponding projec- 



tions 66 and grooves 7, respectively. Thereafter, 
the tip end of each projection 66 is fitted into each 
groove 7 as shown in Fig. 28, and a pressing force 
F is applied uniformly to the entire aluminum plate 
5 3 towards the metal plate 2 by means of a pressing 
device or rolling device. The application of the 
pressing force F causes plastic flow of the alu- 
minum material forming the projections 66 of the 
aluminum plate 3 as described with reference to 
10 the former embodiment, and the aluminum material 
of the projections 66 is charged into the grooves 7 
of the steel plate 2 along the entire overhang 
surfaces 6 as shown in Fig. 28. 

During this pressure application process, the 
75 plastic flow of the aluminum material into the 
grooves 7 along the overhang surfaces 6 can be 
more effectively achieved by a cotter function due 
to the presence of the inclined surfaces of projec- 
tions formed on the bottoms of the grooves 7. In 
20 addition, the plastic flow of the material of the 
aluminum plate 3 upon the application of the press- 
ing force F can be attained more precisely due to 
the fact that the volumetric amount of each projec- 
tion 66 on the joining surface 1 1 b of the aluminum 
25 plate 3 is designed to be slightly greater than the 
volumetric amount of the corresponding groove 7, 
whereby firm mechanical engagement between the 
aluminum plate 3 and the steel plate 2 is realized. 
The plastic flow of the aluminum material can 
30 be effected more precisely by heating the projec- 
tions 66 to a predetermined temperature to reduce 
the yielding stress of the aluminum plate 3 during 
the pressure applying process as described with 
reference to the former embodiment. Furthermore, 
35 even after the projections 66 has contracted due to 
the cooling during the pressure applying process, 
complete filling of the aluminum material in the 
grooves is attained since the volumetric amount of 
the projections 66 is made slightly greater than that 
40 of the grooves 7. That is, the flow of the aluminum 
material into the grooves 7 after the contraction can 
be achieved without leaving vacant spaces or gaps 
therebetween, thus enabling to attain firm mechani- 
cal engagement between the aluminum plate 3 and 
45 the steel plate 2. 

In the thus manufactured composite structure, 
since the joining area of the aluminum plate 3 to 
the soft steel plate 2 is enlarged, the composite 
structure can be endowed with a strong resisting 
50 force against the horizontal shearing displacement 
and the vertical separating displacement. 

Claims 

55 1. A composite structure made from a pair of 
plate members mechanically joined together, 
comprising: 

a first plate member (2) provided with a first 



11 



EP 0 297 552 B1 



12 



planar joining surface (11a) having therein 
grooves (7) distributed over the surface, at 
least some of said grooves (7) having opposite 
overhang side surfaces (6); and 
a second plate member (3) provided with a 5 
second planar joining surface (1 1 b) joined face 
to face to said first joining surface (11a), said 
second joining surface having integrally there- 
on protrusions (9) plastically forced into said 
respective grooves (7) to fill and firmly engage io 
therewith, 

characterized in that 

said second plate member (3) is made of a 
material softer than the material of the first 
plate member (2), that at least some of the is 
grooves (7) are formed to have an intermediate 
ridge (28) on the bottom of the groove, said 
ridge (28) having opposite sloping side sur- 
faces to define with said overhang side sur- 
faces (6) a pair of grooves of V-shaped cross- so 
section, extending into the first plate member 
(2) obliquely in directions away from each oth- 
er, and the protrusions of the second plate 
member (3) comprise protrusions (9) converg- 
ing downwardly in cross section to form a V- 25 
shape and projecting into corresponding 
grooves (7). 



2. The composite structure according to claim 1 , 
characterized in that 30 
said grooves (7) and ridges are formed on the 
surfaces thereof with fine recesses and protru- 
sions in wave form. 

3. The composite structure according to claim 1 , 35 
characterized in that 

said joining surfaces of said first and second 
palte members (2,3) are formed at least par- 
tially with fine recesses and protrusions in 
wave form. 40 

4. The composite structure according to claim 1 , 
characterized in that 

said joining surfaces, inner surfaces of said 
grooves (7) and outer surfaces of said ridges 45 
are joined to each other with a thin film (11) 
interposed therebetween. 

5. The composite structure according to claim 4, 
characterized In that so 
said thin film is a corrosion proof coating. 

6. The composite structure according to claim 1 , 
characterized by 

comprising wave-shaped side edges (16) ss 
formed along the opening of each of said 
grooves (7) as extensions of said first joining 
surface. 



7. A method of manufacturing a composite struc- 
ture made from a pair of plate members (2,3) 
mechanically joined together, comprising the 
steps of: 

preparing a first plate member (2) provided 
with a first planar joining surface (11a) having 
therein grooves (7) distributed over the sur- 
face, at least some of said grooves (7) having 
opposite overhang side surfaces (6); 
preparing a second plate member (3) provided 
with a second planar joining surface (1 1 b) hav- 
ing protrusions integrally thereon; 
opposing said first and second joining surfaces 
(11a,11b) of the first and second plate mem- 
bers, and pressing the second plate member 
(3) against the first plate member (2) to cause 
plastic flow of the material of the second plate 
member into the grooves (7) of the first plate 
member (2) to fill the grooves with the material 
of the second plate member, 
characterized in that 

the second plate member (3) of a material 
softer than the material of the first member (2) 
is provided, wherein said protrusions (9) con- 
verge downwardly in cross section to form a V- 
shape, and an intermediate ridge (28) having 
opposite sloping side sur-faces is formed on 
and along the bottom of said some of the 
grooves (7) so as to define a pair of grooves of 
V-shaped cross-section, extending into the first 
plate member obliquely in directions away 
from each other, and that said plastic flow of 
the softer material of the second plate member 
(3) into each groove (7) is divided into two 
flows into said pair of grooves of V-shaped 
cross-section, as a result of said pressing of 
the second plate member (3), under guidance 
of said opposite sloping side surfaces of the 
ridge (28). 

Patentanspriiche 

1. Verbundstruktur aus einem Paar mechanisch 
miteinander verbundener Plattenelemente, mit: 
einem ersten Plattenelement (2), das mit einer 
ersten planaren Verbindungsflache (11a) mit 
darin ausgebildeten, uber die Fiache verteilten 
Nuten (7) versehen ist, wobei wenigstens eini- 
ge der Nuten (7) einander gegenUberliegende 
Oberhang-Seitenflachen (6) aufweisen; und 
mit einem zweiten Plattenelement (3), das mit 
einer zweiten planaren Verbindungsflache 
(11b) versehen ist, die flachig mit der ersten 
Verbindungsflache (11a) verbunden ist, wobei 
auf der zweiten Verbindungsflache in integrator 
Weise Vorsprunge (9) ausgebildet sind, die 
plastisch in die jeweiligen Nuten (7) gedrangt 
sind und diese ausfullen sowie einen festen 
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Eingriff mit diesen herstellen, 
dadurch gekennzelchnet, 
dafi das zweite Plattenelement (3) aus einem 
weicheren Material als das Material des ersten 
Plattenelements (2) geblldet ist, daB wenig- s 
stens einige der Nuten (7) mit einer mittleren 
Rippe (28) auf dem Boden der Nut ausgeblldet 
sind, wobei die Rippe (28) einander entgegen- 
gesetzte, schrag verlaufende Seitenflachen 
aufweist, urn zusammen mit den Oberhang- io 
SeitenflSchen (6) ein paar Nuten V-formigen 
Querschnitts zu bilden, die sich schrag in 
Richtung voneinander weg in das erste Platten- 
element (2) hineinerstrecken, und dafi die Vor- 
sprtlnge des zweiten Plattenelements (3) Vor- 15 
sprllnge (9) aufweisen, die zur Bildung einer V- 
Form im Querschnitt nacfi unten konvergieren 
und in die entsprechenden Nuten (7) hineinra- 
gen. 

20 

Verbundstruktur nach Anspruch 1, 
dadurch gekennzelchnet, 

daB die Nuten (7) und die Rippen auf ihren 
OberflSchen mit feinen Vertiefungen und Vor- 
sprungen in Wellenform ausgebildet sind. 25 

Verbundstruktur nach Anspruch 1 , 
dadurch gekennzelchnet, 

dafi die Verbindungsflachen des ersten und 
des zweiten Plattenelements (2,3) wenigstens 30 
teilweise mit feinen Vertiefungen und Vor- 
sprungen in Wellenform ausgebildet sind. 

Verbundstruktur nach Anspruch 1 , 
dadurch gekennzelchnet, 35 
daB die Verbindungsflachen, die Innenflachen 
der Nuten (7) und die AuBenflSchen der Rip- 
pen unter Zwischenordnung einer dOnnen 
Schicht (11) miteinander verbunden sind. 

40 

Verbundstruktur nach Anspruch 4, 
dadurch gekennzelchnet, 

daB es sich bei der dOnnen Schicht um eine 
korrosionsbestandige Beschichtung handelt. 

45 

Verbundstruktur nach Anspruch 1 , 
dadurch gekennzelchnet, 

daB sie wellenformige Seitenrander (16) auf- 
weist, die entlang der Cffnung einer jeden der 
Nuten (7) als Verlangerungen der ersten Ver- 50 
bindungsflachen ausgebildet sind. 

Verfahren zum Herstellen einer Verbundstruk- 
tur aus einem Paar mechanisch miteinander 
verbundener Plattenelemente (2,3), mit folgen- 55 
den Schritten: 

Vorbereiten eines ersten Plattenelements (2), 
das mit einer ersten planaren Verbindungsfla- 



che (11a) mit darin ausgebildeten und uber die 
Flache verteilten Nuten (7) versehen ist, wobei 
wenigstens einige der Nuten (7) einander ge- 
genuberliegende Uberhang-Seitenflactien (6) 
aufweisen; 

Vorbereiten eines zweiten Plattenelements (3), 
das mit einer zweiten planaren Verbindungsfla- 
che (lib) mit darauf in integraler Weise ausge- 
bildeten Vorsprungen versehen ist; 
gegenuberliegendes Anordnen der ersten und 
der zweiten VerbindungsflSche (11a, lib) des 
ersten und des zweiten Plattenelements und 
DrUcken des zweiten Plattenelements (3) ge- 
gen das erste Plattenelement (2) zum Hervor- 
rufen eines plastischen FlieBens des Materials 
des zweiten Plattenelements in die Nuten (7) 
des ersten Plattenelements (2) zum FOIIen der 
Nuten mit dem Material des zweiten Platten- 
elements, 

dadurch gekennzelchnet, 

dafl das zweite Plattenelement (3) aus einem 
Material gebildet wird, das weicher ist als das 
Material des ersten Elements (2), wobei die 
VorsprOnge (9) zur Bildung einer V-Form im 
Querschnitt nach unten konvergieren, daB eine 
mittlere Rippe (28) mit einander entgegenge- 
setzten, schrag verlaufenden Seitenflachen auf 
sowie entlang des Bodens einiger der Nuten 
(7) derart ausgebildet wird, daB ein Paar Nuten 
V-formigen Querschnitts gebildet wird, die sich 
in dem ersten Plattenelement schrag in Rich- 
tung voneinander weg erstrecken, und daB das 
plastische FlieBen des weicheren Materials des 
zweiten plattenelements (3) In jede Nut (7) 
hinein als Ergebnis der Druckbeaufschlagung 
des zweiten Plattenelements (3) sowie unter 
der Fuhrung der einander entgegengesetzten, 
schrag verlaufenden Seitenflachen der Rippe 
(28) in zwei Flusse in das Paar Nuten V- 
formigen Querschnitts hinein aufgeteilt wird. 

Revendlcatlons 

1. Une structure composite realisee k partir d'une 
paire d'elements plats reunis mecaniquement 
ensemble, comprenant : 
un premier element plat (2) presentant une 
premiere surface plane de liaison (11a) munie 
de rainures (7) reparties sur la surface, au 
moins I'une desdites rainures (7) ayant des 
surfaces laterales inclin^es opposees (6) ; et 
un second element plat (3) muni d'une secon- 
de surface plane de liaison (lib) reliee face-a- 
face h ladite premiere surface de liaison {11a), 
ladite seconde surface de liaison presentant 
des saillies (9) en faisant partie integrante et 
amenees plastiquement a force dans lesdites 
rainures respectives (7) pour les remplir et 
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venir fermement en contact avec elles, 
caracterisee en ce que 
ledit second element plat (3) est realise en une 
matiere plus molle que la matiere du premier 
element plat (2), en ce qu'au moins certaines 
des ralnures (7) sont formees pour presenter 
une arete intermediaire (28) sur le fond de la 
ralnure, ladite arete (28) pr^sentant des surfa- 
ces laterales opposees inclinees pour d^finir, 
avec lesdites surfaces laterales Inclinees oppo- 
sees (6), une paire de rainures de section 
laterale en forme de V, s'etendant dans le 
premier element plat (2) de manlfere oblique 
dans des directions eloignees I'une de I'autre, 
et les saillies du second element plat (3) com- 
prenant des saillies (9) convergeant vers le bas 
pour delimiter en section droite une forme en 
V et faisant saillie dans des rainures corres- 
pondantes (7). 

2. La structure composite selon la revendication 
1, 

caracterisee en ce que 

lesdites rainures (7) et aretes pr^sentent sur 
leurs surfaces de fins evidements et de fines 
saillies de forme ondulee. 

3. La structure composite selon la revendication 
1, 

caracterisee en ce que 

ladite surface de liaison desdits premier et 
second elements plats (2, 3) presente au 
moins en partie de fins evidements et de fines 
saillies de forme ondulee. 

4. La structure composite selon la revendication 
1, 

caracterisee en ce que 

lesdites surfaces de liaison, lesdites surfaces 
internes desdites rainures (7) et lesdites surfa- 
ces externes desdites aretes sont reunies I'une 
a I'autre h I'aide d'une mince pellicule (11) 
interpos^e entre elles. 



'. Un proc6de de fabrication d'une structure 
composite realisee a partir d'une paire d'ele- 
ments plats (2, 3) relies mecaniquement en- 
semble, comprenant les operations consistant 
a : 

preparer un premier element plat (2) presen- 
tant une premiere surface plane de liaison 
(11a) munie de rainures (7) reparties sur la 
surface, au moins certaines desdites rainures 
(7) ayant des surfaces laterales inclinees oppo- 
sees (6) ; 

preparer un second element plat (3) presentant 
une seconde surface plane de liaison (lib) 
ayant des saillies en faisant partie integrante ; 
mettre I'une en face de I'autre les premiere et 
seconde surfaces de liaison (11a, lib) du pre- 
mier et du second element plat, et pressor le 
second ^l^ment plat (3) centre le premier ele- 
ment plat (2) afin d'amener un fluage de la 
matiere du second element plat dans les rainu- 
res (7) du premier element plat (2) afin de 
remplir les rainures avec la matifere du second 
element plat, 

caracterisee en ce qu'on 

prevoit le second element plat (3) d'une matie- 
re plus molle que la matiere du premier ele- 
ment (2), dans lequel lesdites saillies (9) 
convergent vers le bas pour delimiter en sec- 
tion droite une forme en V, une arete interme- 
diaire (28) presentant des surfaces laterales 
opposees inclinees etant formee sur et le long 
du fond desdites certaines rainures (7) afin de 
d^finir une paire de rainures de section droite 
en forme de V, s'etendant dans le premier 
element plat de manifere oblique dans des 
directions eloignees I'une de I'autre, et en ce 
que ledit fluage de la matiere plus molle du 
second element plat (3) dans cfiaque rainure 
(7) est divis^ en deux dans ladite paire de 
rainures de section droite en forme de V, k la 
suite dudit pressage du second element plat 
(3), sous le guidage desdites surfaces laterales 
inclinees opposees de I'arete (28). 



5. La structure composite selon la revendication 45 
4, 

caracterisee en ce que 

la mince pellicule est un revetement anti-corro- 
sion. 

50 

6. La structure composite selon la revendication 



caracterisee en ce qu'elle 

comprend des bords lateraux ondules (16) for- 
mes le long de I'ouverture de cliacune desdi- 55 
tes rainures (7) en tant que prolongements de 
ladite premiere surface de liaison. 
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